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CHAPTER I 
THE PROBLEM 
The need for more e.f:fective measures .. .Ql.lntelligence. 
Intelligence tests are generally given with a standard time 
and those pupils who do not complete the. test within the 
boundaries of the specified time are required to stop work. 
This means that intelligence tests not only measure 
intelligence, but also rate _of' . response. This assumes 
that children with similar intelligence quotients work at 
similar rates of speed. The soundness o.f this assumption 
shall be tested in a later chapter. 
1 
William Davidson recogni~es this problem by stating 
that it is his belie.f that the indiscriminate use of time-
limit scores is one o.f the most unfortunate characteristics 
o.f current psychological testing since the time-limit score 
of a test .frequently represents two relatively independent 
aspects of behavior: (a) the amount the subject knows or 
can perform (or in certain cases, the level of difficulty 
which he can reach), and (b) the rate at which the 
if 
William M. Davidson and John B. Carroll, 11 Speed .and 
Level Components in Time-Limit Scores: A Factor Analysis;" 
Educational ~ Psychological Measurement, Volume 5, 1949, 
P• 411. 
il 
II 
subject works. 
Although many studies have been undertaken in this area, 
the findings are generally ambiguous and conflicting. For 
1 
example: Guy Vihipple states that speed and intelligence are 
2 
not very h~ghly correlated, while S.C. Kohs finds the opposite 
conclusion. These conflicting f~ndings will be elaborated 
and explained in a later chapter. 
It is now evident that in order to make more effective 
measures of intelligence this speed factor must be brought to 
light and treated in accordance with established facta. 
Purpose of the Study 
The purpose of this study is to determine to what extent 
a time-limited score is influen-pial in determining rank 
position on an intelligence test, and to prescribe positive 
measures that may be taken to offset time-limited scores--
such as predicting power scores from time-limited scores, and 
testing the accuracy of this prediction. 
This predicted power score will be -correlated with the 
actual power score as -will be the time-limited score in order 
to test the accuracy of the predictive measures. 
The main purpose then is the prediction of a power score 
from a time-limited score. This will enable the teacher 
i7 
Guy wbipple, Manual Q£ Mental and Physical Tests, 
Baltimore, Warwick & York, Inc • ., 1924, -p. 10. y --
s.c. Kohs, Intelligence Measurement, The MacMillan 
Company, 1927, p. 244. 
II 
I 
-I 
I 
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school psychologist 1 etc., to determine a child's I.Q. rree 
rrom the eff ect or speed, rrom a time-limited score which may 
have been a handicap. It will make possible shorter intelli-
gence tests in situations where time is a valuable factor. 
§ .. cope . of .~_.Study _ 
The data necessary to conduct this research will - be 
obtained from the answer sheets of the California Test of 
Mental Msturity and the Otis Quick-Scoring Gamma, forms AM 
and BM. 
The California Test of Mental Maturity was given to 210 
eighth grade pupils at the Rundlett Junior- High School in 
Concord, New Hampshire. 
Two forms or the Otis Quick-Scoring Gaama (AM and BM) 
were given to 235 and 243 pupils respectively 1 at the nineth-
grade level in Cony High School, Augusta, Maine. 
All tests were given with time limits to obtain speed 
scores and with unlimited time to obtain power scores. 
Justif'ication _of the _Study 
A good deal or the information that exists in this area 
is often ambiguous and sometimes dismetrically opposed to 
findings or similar studies. The question of speed is or 
primary i mportance in intelligence testing and is in dire 
need of more exacting research. 
Slow workers have been handicapped by a speed factor in 
the California Test of Mental Maturity and the Otis Quick-
= _----:---==-== ---= 
I 
Scoring Gamma (among others). This study is justified in that 1 
it attempts to reveal and remedy this handicap. I 
Design of the Experiment - I 
The California Test of Mental Maturity and the- Otis Quick- 11 
I 
'I Scoring Gamma, forms · AM and BM were given under normal condi- I· 
' tiona (with time limits stipulated in the manuals). After 
taking the tests under normal conditions the testees were 
allowed an additional period of time which allowed them all the ! 
time necessary, within reason, to complete the test. 
The next step is to apply the formula s • A+~ D and c 
to obtain an estimated power score. This formula is applied 
to the timed part of the test. Thus, we see that if power 
scores and estimated power scores are highly correlated we may 
then substitute these estimated total scores for the speed 
scores. 
This would enable us to predict what a child would get 
had he had unlimited time with which to work on an intelligence 
test from his time-limited score which may have been a 
handicap. 
--- --------· 
-- -- - - -- - - - -
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CHAPTER II 
REVIEW OF RESEARCH 
Introduction. Speed and intelligence are found together 
in certain instances. A universal negative (speed and int-
elligence are never found together) is disproved by the 
existence of one c ase to the contrary. Knowing then that 
speed and intelligence are somewhat related, the question of 
degree must be satisfied. 
In order to do this, most research workers find it most 
effective to give a test with a time limit and t h e same test 
with unlimited time (power) and compare the relative gains of 
the testees and note any pattern they mi ght show. 
Definitions. In a pure speed test the testee answers all 
the questions he attempts correctly and his score the~efore 
depends upon the rate at which he works. The correlation 
between timed and unlimited time situations on this type test 
is zero by definition. All of the testees will have the ~ 
unlimited time score and the standard deviation will therefore 
be zero, making the correlation coefficient zero. 
In a pure power test the testae answers all the questions 
correctly that his ability allows him to solve. Therefore, it 
would be impossible for him to improve his score with addition-
al time. All scores would remain the same if additional time 
1 
were allowed and the correlation coefficient would be 1.00. 
i/Harold Guilliksen, Theory of Mental Tests, John Wiley 
===I- ang_a ons_, N ew__Yor]£, PJ2-•-23~n~-:=!2~3l~-·~=--==== 
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However, it would perhaps be impossible to construct a pure 
speed test or pure power test. While tests usually measure 
neither speed nor power exclusively, they me.y be predominantly 
1 
the one or the other. 
The .. controversy .. 2!.. '~speed versus __ power 11 • In presenting 
the related studies and in the reading of the procedure and 
conclusions of this study# it is recommended that the reader 
be a critical reader and not let the printed page do his 
thinking. This second-hand thinking may be considered one of 
the reasons for the existence of so much confusion about the 
"speed-power" problem. 
2 
Dearborn tells the story about Professor Munsterberg's 
ship-captains' test in which the successful completion of the 
test depends on the speed and accuracy in sorting cards. 
However, when the number of rights was multiplied by a measure 
of the very high speed attained, one would secure a higher 
rating in the test than if one had paid more e.ttention to 
accuracy. 
Speed and _Interest. Along the same lines, the common 
practice of scoring intelligence tests on the basis of time 
and number of errors obviously places a premium upon speed. 
if 
Frank N. Freeman, Mental Tests, Their History, 
Principles ~ Applications, Houghton Mifflin Company, Boston, 
1939# PP• 262-263. 
gj 
Walter .F. Dearborn, Intelligence Tests, Their 
Significance for School _ and_ Society, Houghton Mifflin Company, 
Boston, pp. 280-281. 
,, 
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Speed, moreover, appears to be more easily affected by diff-
erences in interest and effort than is the quality of perf-
1 
qrmance -considered without reference to speed. - I 
To those who consider speed a simple and not-too-.important il 
factor, consider the following definition and its implications. J 
11 The phenomena of 'speed' which are complex functions of the I 
hereditary factors, the physical condition and stamina of the 
testee at the particular time, his cultural habits of work, 
his familiarity with the cultural form and content of the 
problem, and his previous experience or training with this 
2 
specific type of problem." Thus we see that speed is all too 
closely related to factors that are not necessarily related 
to intelligence. 
The i mportgnce of speed. I The assumption that power rather l 
an orderly and sequential process and that, in general, ordin-
ary variations of environment have little influence upon perf-
ormance. Intelligence tests for adults include the factor of 
3 
speed, perhaps as their most important element. 
i7 
Florence Goodenough, Mental Test'ing, Rinehart & Company, 
Inc., New York, 1949, p. 69. y 
Eells, Davis, Habighurst, Herrick, and Tyler, 
Intelligence and Cultural Differences, The University of 
Chicago Preas, Chicago, 1951, p. 26. y 
Mandel Sherman, Intelligence and its Deviations, The 
~Ronald ~ess Company, New York, 1945, P• 22. 
. .., 
{ 
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Super suggests that the advantages of briefer and uniform 1 
timing suggest the use of speed tests with younger persons, 
and power tests with persons in their forties or above. One 
valid reason, he believes, for using power rather than speed 
tests with younger subjects is that speed in the paper and 
pencil situation is not identical with speed in the life 
situation, but this is still a matter of supposition which has 
not been put to experimental proof. 
2 
Tinker found that a few individuals are handicapped by 
restricted time. "In general, a subject changes his level of 
performance approximately as much with a moderate extention of 
time and while working under pressure as with e.n unlimited 
extention of time which means working at one's leisure." 
"There is apparently no justification for allowing a subject to 
work on the examination as long as he wishes." 
3 
Wiseman warns us that speed represents compromise for 
administra tive efficiency. He states that we must decide 
whether or not speed is an important component of the subject 
we are to test. 
11 
Donald Super, Appraising Vocational Fitness, ~Means of 
Psychological Tests, Harper & Brothers, New York, 1949, p. 69. 
gj 
Tinker, "Influence of the Speed Attitude on Test Perform 
ance ",- Journal of Genetic Psychology, Volume 10, 1934, 
PP• 465-469. 
YWism.an, "Effect of Speed on Item-Test Correlation 
Coefficients", Educational and PsychologicalMeasurement, 
Volume 9, 1949, pp. 51-57. 
I 
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The validity of an intelligence test depends upon the 
purpose of the test. If we wish to measure quickness of 
response (for a particular task which requires such an ability) 
a speed score is then a just score. If, however, we wish to 
I 
measure intelligence as used in an average situation, a speeded 
score is an unjust score. 
1 
Whipple believes that if it is the complex higher mental 
functions we seek to evaluate, speed is not the primary index 
of efficiency, as is borne out by the evidence that speed and 
intelligence are not very highly correlated. In an editorial 
2 
by Buckingham this belief is substantiated. Buckingham states 
that it is certain that a number of published tests unduly 
emphasize the value of speed, and that speed in human affairs 
, has no independent existence as s_ worthy objective. There are 
conditions under which speed has almost no value at all; such 
as major inventions, etc. 
3 
Contrary to the preceding, Kohs insists that speed is a 
; necessary element in all group testing. 11Experimentation with 
the army tests he.s thus far revealed that speed and intelligence 
' are fairly well correlated, and that doubling the time in the 
11 Army Alpha, for example, does not materially change final 
1
: 4 
1 
rankings. rr The term 'materially' is an illusive one whose 
1 
Guy Wbipple, on. cit., p. 10. gj ~- . 
B.R. Buckingham, Editor, Journal .Q!. Educational Research, · 
Volume 11, Public School Publications Company, Bloomington, Ill. Qjs.c. Kohs, 912.• cit., p. 244. -
i./Ibid., P• 244 . r 
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meaning could be taken several ways. Does he mean that all I 
rankings change to a small degree or that many remain stable I 
while few change drastically? 
Kohs has drawn the conclusion that speed and intelligence 
are fairly well correlated. This general conclusion was drawn 
j from the Army Alpha data. This conclusion cannot be accepted a 
a generalization; only as it applies in the particular situatio 
from which it evolved. One reason is that the Army Alpha is th 
Army Alpha and nothing else; the natur~ of the content of the 
.-
test and the way in which the test items are arranged determine 
in no small measure the results of the study. 
1 
Speed ~ age. Wechsler presents another v~ew on the 
subject by noting that another limit to the use of tests for 
adults, originally standardized on children, is that many of 
these tests lay altogether too much emphasis on speed as 
, compared to accuracy. In the case of adults, however, general 
I . 
! experience would indicate that speed alone is not the better 
!measure. This is particularly true for older subjects who do 
1badly on nearly all speed tests. One explanation for this is 
the possible influence of the different attitude which adults 
take toward set tasks or set situations. 
It is well to note also, that the use of speed in scoring 
tests for preschool children is unfortunate, because young 
children have a very poor sense of time. It is quite an 
jJ 
David Wechsler, The Measurement ~ Adult Intelligence, 
_______ _'!he_ !!_l~s & Wilkins Company, 1944, pp. 17-18. 
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I 
I 
I been ~ound to exist--that the testees at the lower end or the 
* scale make the more significant gain. 
1 
I 
Ruch and Koerth gave the Army Alpha to 122 college freshmen 
with regular, doubled, and unlimited time. 
Regular vs. doubled correlation 
Regular vs. untimed correl ation 
~966 
.945 
It wa s concluded that the speed factor does not seriously 
invalidate the teat and that increased time does not permit dull 
I pupils to equal more intelligent pupils. It was found that the I 
brighter pupils improve somewhat more than dull pupils with 
1 increased time. 
The study of Davidson gng Carroll. A number of relatively 
simple group mental tests (Revised Alpha , Minnesota Speed or 
" Reading Test ror College Students) were administered to 91 
college students in such a way as to yield three types of 
I 
I scores: level, speed and time limit. 
level score-----The number of items that are 
answered in unlimited time. 
speed score-----Time required to attempt every 
item once. 
time-limit score-----The number of items that are 
answered in a prescribed time limit. 
Factor analysis revealed that in all c ases speed scores wer
1
e 
linearly independent of level scores and that time-limit scores 
---v-.-- - - ----· ·-·-·- · . 1 
1 Ruch and Koerth, " Power versus 'Speed 
1 In The Army · Alpha " 1, 
!, Journal of Educational Psychology, Volume 14, 1923, pp. 193-208. 
* See pages seventeen and t wenty-four 
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could be obtained on factorially complex measures h aving load- 1 
ings on both speed and level dimensions of ability. Of the 
factors which were identified several were similar to verbal, 
number, and reasoning factors isolated in previous factorial 
studies. In the domain of reasoning ability both level and 11 
I 
speed factors were identified. A general speed factor involvint 
nearly all of the speed scores was found. It is concluded that 1 
because of their factorial complexity, time-limit scores should 
be used with considerable caution both in factorial studies and 1 
1 
in studies involving the prediction of criteria. 
2 
The stud~ of Miles. c.c. Miles stated that results for 
400 subjects with the speed factor eliminated showed that speed j 
did not slacken before mental power. In a later paper, however 
Miles reported that comparisons of the fifteen-minute Otis 
I 
speeded and unspeeded indicated that in early .and middle 
" 
maturity speed declined faster than power, whereas in the late 
maturity the decline of power was relatively more apparent. 
3 
The stud~ of May. May, working with soldiers, found a 
correlation of .96 between scores on the Army Alpha between 
v 
Davidson and Carroll, QR• cit., pp. 411-427. 
gj 
Weisenburg, Roe, McBride, Adult Intelligence, ! Psycho-
logical Stud~ of Test Performances, The Commonwealth Fund, 
London, 1936, p. 30. 
Ill 
!I 
y 
Tinker, Farnsworth, Seashore, "Speed in Simple a.nd Seriaf 
Action As Related to Performance in Certain Intelligence Testa" ~ 
Pedagogical Seminary and Journal of Genetic Psychology, 
Volume 34, 1927, pp. 537-551. 
I 
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Koerth ~:v:- a-correlatio~-l~---==--'---'=-"= --= =- . ...== standard and doubled time. Ruch and 
or .94 for double versus unlimited time. They feel also that 
for the upper decile, the Army Alpha was more or a speed test, I' 
and for the lower decile, a power test. Ruch has also corre- ~~ 
lated single and unlimited time scores on the Terman Group 
{.96). Walters finds correlations between standard and 
extended time for the National Intelligence Test, Scale A, Forml 
I 
1; Otis Group Intelligence Teat, Advanced Ex., Form A; I 
Mentimeters; Indiana University Mental Survey Scales, Cross- Jl 
Out Teats, Mental Tests at .94, .91, .89, .94, and .83 
respectively. 
1 li 
Mursell is in agreement with May, believing that the Alpha! 
is a power test for those of low intelligence, who could not I 
I 
raise their scores very much no matter how much time they had, I 
and a speed test for the able, who make such good scores even 
1 
under a time limit that there is not much room ror improvement. , 
2 I 
The study of Line and Kaplan. Line and Kaplan found in 
their investigation exactly the opposite of what May found. 
Line and Kaplan administered the National Intelligence Test to 
44 fourth-grade pupils in the Toronto Public Schools and found, l 
if 
James L. Mursell, Psychological Testing, Longmans, 
Green and Company, New York, 1947, pp. 144-145. y 
Line and Kaplan, "The Existence, Measurement and 
Significance of a Speed Factor in the Abilities or Public 
School Children", The Journal of Experimental Education, 
Volume 1, Edwards Brothers Inc., ~eptember 15, 1932, pp. 1-8. 
I 
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in general, that the individuals scoring low in the standard 
"A-
time period gained more than those scoring high. Further 
analysis of the results showed that subjects obtaining high 
scores in the standard time had ·a higher final ranking than the 
low-scoring individuals. The low-scoring individuals however, 
gained more during the extended period. They attribute this to 
one or more things: 
1. The bright students were doing harder problems 
during the extended time. 
2. The bright students warm up or become oriented 
more speedily than the dull. 
3. The easier materie.l at the beginning of the 
test shows diff erences not so much of 
"intellectual speed 11 as· of speed of another · 
kind--an attitude toward, or preference for, 
speed. 
1 
The study of ~· The findings of Ruch agree, in this 
as those earned on unlimited time. In contrast, the scores of 
the low group show a decided upward trend in size from single 
* to unlimited time. 
v 
Caldwell, ttspeed As · A Factor With Children of Superior 
and Inferior Intelligencen, The Journal of Educational - Research~ 
Volume 26, The Public School Publishihg Company, March, 1933, 
pp. 522-524. 
See pages fourteen and tw~nty-four. 
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' The Otis Self-Administering Test, Higher I 
Examination, Form A, was administered individually with special 
I 
directions to one hundred University of Minnesota sophomores. 
The subjects were instructed to work for both speed and 
accuracy, taking each question in turn without going back to 11 
any items already attempted. At the end of twenty mi nutes t h ey 
I 
were given a different colored pencil and told to complete the 11 
entire 75 i terns. The experimenter kept an account of the tota11j 
time spent in completing the entire test. The scores are l1 
(1) the number of i terns correc 1~ 
I 
1: obtainable from this procedure: 
in limited time, (2) the number of items correct in unlimited 
II I time, and (3) the number of seconds required to at t empt the i 
entire test. The fir s t score instead of being speed is called 1 
power, t h e second is called level, and the t h ird is speed. I 
Results 
Correlations and Probable Errors 
(1) speed vs. power 
* 
.75± .03 
(2) s peed vs. level .:,.<- -.06± .07 
(3) power vs. level ~A- .62± .04 
The most notable correlation here is that between speed 
and level. Because of its l arge probable error, the correla-
tion of -.06 may be said to be not significantly different froj 
zero. The measures of speed and level vary independently; the 
length of time that the student works has no relation to the il 
quality of that w·ork. 
The conclu sions of t h is study are listed below. 
1. Speed and level, as me asures in this investigation, 
vary independently. 
I 
I--
' 
I 
... . , j_J 
2. -Sp:e: and level contribute the entire varianc: ::r--"~- ~-,~ . -
power, or score in standard time, speed contributing 
slightly more than level. 
3. The valid relationships of speed, level, and power vary 
with the criterion of intelligence. 
4. The relationships of speed and l evel on the criterion 
are about the same as t heir relations in accounting for 
the valid variance of power. 
-I 
5. There is a tendency for the validity of level and power 
to decrease when measured in groups as compar ed to ' 
individual testing. 
6. Prediction through the combinat i on of speed and level 
in multiple correlation is greater than that possible 
through the use of scores in standard time, t h ough the 
tests must be g iven to each individual separately.l 
The study of Cox and Miles. Vfuen a test emphasizes speed 
and is loaded with highly manipulative and routine items Vl.hich 
adults find trivial and annoying, it is apt to yield a picture 
of early arrest and even of actual decline during the adult 
. .  . 2 
years. This is what was shown in a study b y Cox and Miles. 
-- I 
They gave a special form of the Otis Self-Administering Test of 
Mental Ability to- 823 persons in age clas sifications up to 94 . 
The high point of the me an scores was at 18, follo wed by a 
rapid decline, and at 50 t he averages were·· back to the levels 
of the early teens. In the light of further work the explana-
tion clearly is that the battery dealt with functions wh i ch 
show this type of developmental sequence. The claim has been 
!I 
Baxter, QR• cit., pp. 285-296. 
gj 
James L. Mursell, QQ• cit., p. 330. 
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made from time to time that a speed 
comparisons based on mental tests. 
~" ~- . - -- ~ 
factor ent:-rs int-o -r-aci~l--r 
Negroes, Indians, and mem- / 
I 
bers of other races are said to be slower in their reactions 
I 
I 
than whites. It is not clear that this factor is generally 
present, although in many special cases it should undoubtedly 
II 
I 
be taken into consideration. !1 
1 ~ I Brown is in agreement with Cox and Miles in that he recog- jl 
nizes that the trouble of using time-limit tests for adults_ 11 
which have been standardized on a younger group is that there I 
is an indication of decreased speed with advanced age. He 
thinks also that speed should be isolated from power and the i 
I time limits should only handicap only a fe w individuals. 
2 
The stugy of Caldwell. Caldwell divided his subjects I into ! 
ability groups ~~d c alculated his data for Group One (high 
ability) and Group Five {low ability). 
He concludes that (1) for all practical purposes the test 
is a po wer test, (2) superior pupils reach maximum scores on 
the test under time limits fixed, and {3) low intelligence 
quotients do not reach their maximum score on the assigned 
I 
standard limits of time. 
" 3 
The study of Mursell points out 
I 
t~at s~eed is an impor~~t ~ 
i7 
Ralph R. Brovm, "Effect of Age on the Speed-Power 
Relationship with Reference to Tests of Intelligencen, Journal 
~ Educational Psychology, Volume 29, September, 1938, 
PP• 413-418 
gJ 
Caldwell, QQ• cit., pp. 522-524. 
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factor in t welve out of the fifteen subtests in the Pintner-
Paterson Scale of Performance Tests and questions their power 
to discriminate valid intellectual responses calling for 
general intelligence. Moreover~ very slight differences in 
speed affect the score and may determine the difference between 
age level classifications . 
The study of Cronbach. The follo wing table indicates the 
effect on score when pupils a.re given added time on these 
typical tests. Evidently most pupils finished in the standard 
time all the items they could do. For occasional cases~ of 
course, speed will still be the pri ncipal factor determi ning 
score. The current trend in making new tests is to provide 
ample time for nearly everyone _to finish, _or, _if the test is 
speeded, to not chop the test into numerous subtests with time 
1 
limits of five minutes or less. 
st. -e:x. mean pts. mean pts .. 
age no. test · time -time. e arned' in earned. ih ' ' 
st-.-·- time addit. time 
9-10 223 otis A 20 niih~ 30 min: 65 ' 1:1 
9-10 226 Hen·. A 30 min~ 20 min~ 54~1 3:4 
9-10 235 Otis B 30 min. 15 min. 60.4 0.9 
-- 2 
The study of Freeman. Freeman experimented with 117 
Cornell Freshmen; giving the Ohio State University Psycholog-
i/ - . T - t Lee J. Cronbach~ Essentials of Psychological es ing~ 
Harper & Brothers, Publishers, N.Y., 1949, PP• 172-173. gJ - - ' '' ,, ' 
F.S. Freeman, · 11 The Factor of Speed", Journal of Genetic 
Psychology, Volume 6, 1932, pp. 462-468. 
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ical Test to all ent ering freshmen with the usual time limits 
and later to the 117 students (part of the original group) with 
unlimited time. He concluded that for subjects who are slow, 
speed and power do not go hand in hand, and found that all 
degrees of speed were found at all levels of work. 
1 
Freeman, after gi ving elementary and high school youth the 
National Intelligence Test, Otis Advanced, and the Terman Group 
Test, the first day with regular time limits and the next day 
with unlimited time, concluded t hat speed does not determine 
individual d i fferences. The high correlations caused Freemen 
to conclude that the tests were power rs.ther than speed. 
2 
Tn e study of Garrett. Garrett, using the Carnegie Mental 
Ability Tests, Number Relat i ons section, with a ponulation of 
155 twelfth graders, with timed and untimed scores obtained 
from the test concluded tha t there is no significant difference ' 
in the measuring quality of the tests when the time l i mits are 
I incr e a sed. He sugge s ts, however, that the time limits should 
be eliminated to accomplish other objectives than h ave been 
considered heretofore. He suggests that the test, used as a 
power test will not affect the original measuri ng quality of 
y » T F.S. Freeman, · The Factors of Speed and Power · in ests 
of · Intelligence 11 , Journal of Experimental Psycholog:y, Volume 
14, 1931, PP• 83-90. y . 
Wiley S. Garrett, "Number Relations Section of the 
Carne gie Mental Ability Tests Treated As A Power Test", 
Educational : and ' Psychological Measurement, Volume 7, 1947, 
PP• 309-318. 
I 
the test and will have the advantages o~ relieving the exe~iner ' 
~rom timing, moderately increase the relie_bili ty, relieve 
pressure on the testee, and give the testee the satis~action of 
reaching his level. 
1 
~ study of Ordorof~ was a review o~ the work of May and 
Freeman. May extended the time during the same administration 
and Freeman retested. Ordorof~ insists that both have made the 
same error--the extended score is part o~ the standard-time 
score because of the method used in computing the correlation. 
He states that this would produce a reliability coefficient up 
to a point and the apparent relationship is spurious. Ordoroff 
administered the Otis Self-Administering Test of Mental Ability, ' 
I 
1 Higher Form A to 92 subjects and used a correlational method 
. borrowed ~rom Harris (Biology). "The method consists in 
determining whether the dependent variable becomes relatively 
larger with increase or decrease in the independent variable 
' and is arrived at by correlating the independent variable with 
I 
the deviation of the dependent variable ~rom its probable 
1 It I' va ue. A positive value of the correlation coe~ficient would 
li 
indicate that those scoring h i gh under s~andard ti~e increase 
their score relatively more than those scoring low. Negative 
scores would indicate the reverse. He found, after testing, 
tha t there is a slight tendency for those scoring low to 
11 
M.E. Ordoroff, "Correlational Method Applicable to the 
Study o~ the Time Factor in Intelligence · Tests 11 , · Journal · of · 
Educational Psychology, Volume 26, April, 1935, PP• 307-311. 
II 
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increase scores on extended time. 
1 
Ruch used the Terman Group Test on 150 seventh and eigth 
graders and found a correlation of • 9'5 between regular and 
unlimited time. It was -- concluded that the 'speed factor does 
not seriously influence ratings but testing should allow time 
enough so that. 90-95% of all pupils will finish all they can 
do. 
Summary. It is_ the consensus that some individuals are 
handicapped by a speed factor which is re?ognized ~s existing 
to an extent in all group tests. However, the situation is 
left at t h is point--no remedial assistance has been offered. 
This is just what the author proposed to do; substitute 
estimated total scores for time-limited scores that have 
handicapped particular individuals. 
!I - -
Ruch, 11 The Speed Factor In · Mental Measurement*', Journs_l 1 
of Educational _Research, Volume 9, 1924, PP• 39-45. 
* See pages fourteen and seventeen. 
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CHAPTER III 
PROCEDURES OF THE STUDY 
Instruments Used and Populations Tested 
The California Tes.:t. of M.§.ntal. Maturity~ Intermediate 
§-Form. This test, of 130 items~ is divided into t wo distinct 
parts; the language section (tests 1, 2, and 3) which includes 
45 items, and the non-language section (tests 4, 5, and 6) 
~hich includes 80 items. 
Test 1 is devised to test the pupil's ability to dieting~ 
uish between left and right (shoes, gloves, etc.). 
Test 2 is concerned with the ·ability of the pupil to 
manipulate an object mentally in space. 
·- ·- ~ 
Test 3 is concerned with similarities. 
- .. - - -- -
Test 4 is a test of numeric a l quantity. 
Test 5 is a test of inference or judgment. 
Test 6 is a vocabulary test. 
Population. This test was given to 210 eighth-grade 
students of the Rundlett Junior High School, Concord~ New 
Hampshire. 
The Rund1ett Junior High Schoo~ Study 
II 
Design of the experiment. The California Test of Mental 
Maturity, Intermediate S-Form was given to 210 eighth-grade 
students of Rundlett Junior High School of Concord, New 
Hampshire, on the morning of November 6, 1951, with the standard 
time limits for each of the six subtests. Test 1 was given 
with a time limit of 3 minutes, test 2; 8 minutes, test 3, 5 
' 5 minutes, test 4; 10 minutes, test 5; 10 minutes, test 6; 
I 
10 minutes. 
While taking the test, the pupils were instructed to draw 
a line (on the answer sheet) under the last question attempted 
* -. 
on each part. During the day, Miss. Irene Hart took the 
original answer sheet and drew red lines on a new answer sheet 
corresponding to the points where the pupil originally had 
. - . . . 
dra~n his marks. This made it impossible for the pupil to 
change any answers he had thus far marked. 
These answer sheets were passed back with wax pencils to 
the pupils in the afternoon and they were told to work until 
they had gone as far as they could. The answer sheets were 
then collected snd hand scored. 
After the data (answer sheet for timed situation)(answer 
sheet for the unlimited time situation} had been collected, 
the timed raw scores were correlated with the untimed raw scores 
on both the language and non-langus.ge sections of the test by 
use of the Durost- 'Walker Correlation Chart. 
The pupils were then assigned t wo intelligence quotients; 
a timed I.Q. and an untimed I.Q. This makes changes of rank 
position more evident. The untimed I.Q,. was ce.lculated from 
the table of equivalent scores which has eliminated the average • 
'I amount of gain. 
Normal Percentile eharts were made for both the language 
?:-
A teacher at Rundlett Junior High School. 
and non-language sections of the test, showing graphically 
rels_tive gains me.de from the timed to the untimed situation. 
This makes it possible to note at which end of the I. Q. range 
the more significant gains are made. Lines of rela tion and 
tables of equivalent scores are given for both sections of the 
test in order to show equivalence of timed and untimed scores. 
~ Qony ~ School Study 
Design of the Experiment 
The Otis Quick-Scori ng Mental Ability Test, G~a Test, 
Forms M~ and BM. Forms AM and BM of this test were given to 
235 and 243 nineth-grade pupils respectively, of Cony High 
- . ·- ,. 
School, Augusta, , Maine. In order to eliminate the practi ce 
effect, half of the AMs and half of the BMs were given on 
- . 
November 28, 1951. On December 4, 1951, the rest of the tests 
were given (half AMs and half BMs). 
After taki ng the test with a thirty-minute time limit, the 
pupils were instruct-ed to draw a circle around the number of 
the question last attempted (on the answer sheet) and then the 
pupils were allowed to continue with unlimited time. 
Vfuen the data was collected (answer sheets) timed scores 
were correlated with untimed scores by use of the Durost-Walker 
Correlation Chart. 
Lines of relation and tables of equivalent scores are 
given for both parts of the Otis (AM and BM) to show ~quiv-
alence of timed and untimed scores. 
A line of relation is also given for untimed and estimated 
I. 
untimed scores on both forms of the Otis. 
Predicted power scores. Power scores will be predicted 
for all testees on the Otis (both forms} so that direct 
1 comparisons might be made between correlations of spe ed scores 
and power scores; of speed scores and predicted power scores. 
Because some individual s are handicapped by the speed 
score which is assigned them, predicted power scores will 
assign to them scores which ~hey probably would have attained 
had they had additional time. 
The bivariate distribution of timed and untimed scores 
sho ws these individuals who are handicapped by timed scores. 
II The formula for predi cting power scores from speed scores 
' 1 
! is: S : A + ~ D. 
i7 
S is the predi cted power score. 
A is the number of correct responses in 
thirty minutes. 
B is the number of correct responses in 
the last t wenty items attempted in 
thirty minutes. 
C is the sum of the percents passing 
(item difficulties} for the last t wenty 
items attempted at the end of thi rty 
minutes. 
D is the sum of the percents passing 
(item difficulties} for all items not 
attempted at the end of thirty minutes. 
First presented to the public by Dr. Walter N. ·nurost, 
asst. prof. of education at the Boston University School -of ·· 
Education, before the annual -meeting of the American Educ a tion ·II 
Association in Atlantic City, February, 1951. Further develop-
ments were pre sented at the annual meeting of the American 
Psychological Association in Chic ago, Sep_t~mb_er, 1951. 
. ; .:~ 
c. u 
' 
After all correlations have been made (speed and power; 
po wer and predicted power), Normal Percentile Charts will be 
made ~or the timed and untimed bivariate distributions and for 
the power and predicted po wer bivariate distribut i ons. This 
' will make possible comparisons of lines of relation of the 
dif~erent correla ted ~actors. It will also make possible a 
comparison of the relation of one ~actor to another not only 
as a whole (correlation), but also at different levels of · the 
I. Q.. range. 
Graph for computing estimated total scores from tirne-
1 
limited scores. Durost has developed a graph which has greatly 
simpli~ied the application o~ the predictive ~orm~la to 
individual tests in order to predict power scores. 
In us i ng this graph a "T", an instrument resembling a 
large letter T is employed. On the horizontal axis, the B 
and D figures are lined up with the base o~ the cross of theT, 
and the stem of the T is lined u p on the vertical axis. Then, 
the figure on the upper part of the vertical axis vmich comes 
in contact with the cross of the T is read off and added to 
1 A (no. of correct responses in thirty minutes). This gives the 
estimated power score. 
This graph eliminates t wo mathematical steps; dividing B 
by C and multiplying the result by D. It leaves only one 
simple addition problem for the computer to solve. 
jJ 
Dr. Walter N. Durost, associate professor' of education, 
Boston University School of Ed., Boston, Mass. See figure #1. 
\ 
rraph for Computing ;Estimated Total Score f'rom 
~ime-limited Scar~ 
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CHAPTER IV 
RESULTS OF THE RESEARCH 
The California Test of Mental Maturitx 
The Rundlett Junior Hi~ School Study 
Or the 210 eighth-grade students taking the California 
Test of Mental Maturity, 155 needed additional time in order to 
complete the test. Expressed in percents, 73% of the pupils 
needed additional time and 26% of the pupils finished in 
standard time. 64% of all pupils didn't finish in standard 
time and did increase their scores in unlimited time. 
Correlations. The correlation between raw time-limited 
scores and r ew power scores on the California Test of Mental 
Maturity, language section was .90 with standard deviations of 
9.06 and 8.34 respectively. The correlation between raw time-
limited scores and raw power scores on the non-language section 
was .91 with standard deviations of 5.02 and 4.62 respectively. 
Those students who made significant gains from the timed 
to the untimed situation can readily be noted on the bivariate 
distribution on the following pages. Relative gains may also 
be noted at the different I.Q. levels by ins pection of the 
Normal Percentile Charts. It is significant to note that the 
more impressive gains in score from the timed to the untimed 
situation are made at the lower I.Q. levels, and that it is 
more difficult to make a significant gain in I.Q. points at the 
low end of the I.Q. level. 
The most significant gain by far was made by Richard B 
on the language section of the California Test of Mental 
Maturity. He answered 31 items correctly on the timed 
situation (s.bout the 35th percentile) and on the unt imed 
situation he answered 29 items correctly to give him a total of 
60 correct responses (to head the class). 
The unusual factor about this gain is that on the non-
language section of the California Test of Mental Maturity he 
11
made no gain whatever during the unlimited time period although 
he did leave items unattempted from the timed situation. It is 
well to note that Richard B ____ is the unusual case. Extended 
time does help particular individuals in raising their scores, 
!however, usually not to the de~ree as cited in t h is instance. 
The pupils are listed in order of t heir timed I. Q.s and 
1 
their untimed I. Q.s are given. These listings are given for 
the 155 pupils who required extended time as well as the 55 
II 
pupils who finished in standard time. This information will 
be found in the appendix. 
A table of equivalent scores is given to show the relation 
and equivalence of timed and untimed scores. 
A bivariate distribution is given for timed and untimed 
I. Q. s. 
Mean of X 36~29 
Mean of Y -~ 39.61 
Standard deviation of X 
Standard deviation of Y 
Correlation coefficient -- .90 
g;o6 
8.34 
NORMAL PERCENTILE CHART 
Grade or group No. of cases Measure (Examination) Form 
Ca l i fornia Test of-bieiital 
'URt-.n1"'1+-~- T.cnCM1cC/'~ <:t~,..+:~nn 
s Variable I ITimed Scores 155 
-= 
Variable II 1Unt1med Scores 
Variable I Variable II 
Score I Freq~~ Sub~ I Per II Score I Freq~~ Sub, I Per 
'"ervals 'ncies totals cents intervals 'ncies totals centsll.1 .2 .3 .4 .5 1 2 3 4 5 
60-62 
57-59 
54-56 
51-53 
48-50 
45-47 
42-44 
1 I 155 1100 II 60-62 1 1155 1 00 
3 I 154 199.411 57-59 0 1154 199.4 
7 I 151 197.411 54-56 110 1154 199.4 
3 I 144 192. ~ 51-53 6 144 92.£ 
9 I 141 1 90.~ 48-50 11 138 89.C 
10 1 132 185.:2 45-47 16 127 81.$ 
10 I 122 178.? 42-44 18 111 71. € 
39-41 I ~_ll_2L'Z2._31 39-41 I 17 93 60.( 
76 49.( 36-38 23 98 l63.al 36-38 129 
33-35 I 22 I 75 148.41133 .. 35 114 47 130.~ 
30-32 
27-29 
'"'4. -26 
21-23 
18-20 
15-17 
Median 
18 53 l34.al 30-32 120 33 121. ~ 
16 
8 
35 122.€11 27-29 
19 11 2 .:1124-26 
5 I 11 1 7 .JJI 21-23 
2 I 6 1 3.9118-20 
4 I . 4 1 2 . i l 1 8 -20 
35.8 Median 
7 
2 
13 I 8.4 
6 I 3.£ 
1 I 4 
2 I 3 
1 I 1 
38.74 
2.€ 
1.£ 
• E 
,.1 .2 .3 .4.5 1 2 3 4 5 
. 
10 
10 
Date 
Yov. 6, 
1951 
20 
20 
Examiner Graphs by 
Class Teacher J.Dinan 
PERCENTILE SCALE 
30 40 50 60 70 80 
1 
30 40 so 60 70 80 
School 
Rundlett Jr. High 
90 95 96 97 98 
""""" 
17 
By Arthur S. Otis 
City 
Concord N.H. 
- - -~ 
-.} if 
99 
Standard Deviation Scale 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1----r-r-•1 1 1 1 ~-J 1 1 1 1 -r 1 1 1 1 I 
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Equi-percentile Line .· of 
Relation Between The Timed 
and The Untimed Situations 
on The Californ1a Test of 
Mental Maturity 
The dot ted line shows the 
equivalence of raw score 
28 on the timed situation 
and raw score 32 on the 
untimed situation. 
I 
~ 
I 
I 
40 ~ 
Timed-Untimed Equivalent Scores on the language section of 
the California Test of Mental Maturity. Based on 155 
eighth-grs.de students of Rundlett Jr. High School. 
(Taken from the line of relation) 
Timed Scores 
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27 
28 
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32 
33 
34 
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36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
Untimed Scores 
19 
20 
20 
21 
22 
23 
23 
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25 
25 
26 
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28 
28 
29 
30 
30 
31 
32 
33 
34 
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36 
36 
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39 
40 
41 
41 
43 
44 
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46 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
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..... - . - · 
Timed v~raus: Untimedr Ra~-- Soope-s -on- the ----Californ~a Test 
of--Mental Ma'turi ty, · non-langus .. ge section. 
Based on l55 eighth-grade pupils of Rundlett Jr. High. 
November 6, 1951. Variable X - Timed Scores 
, Variable Y - Untimed Scores 
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I ~ L I -:::-J I ~- · i ·r--~155 I 
J: .. ~ _ ,;~J.~ 5 1~cl:~2J:L51 12111:. ~-~ ~ll 1 __ _ _li_ _____ , 
Mean of ~ --- 27.12 
Standard Deviation of X -- 4.62 
Mean of X --- 25.84 
Standard Deviation of Y -- 5.02 
Correlation Coefficient -- .91 
Variable I Timed SOores v. 155 California Test of Mental 
'l.. _.._ ___ ,li..L_ -~- .. ~--- - - ... 
Variable II Untimed Scores we&:UCA~:XUJJ 11011 ~CILllSU:O:tSO dCClJ~Vll• 
Variable I Variable II 
Score I Freq'l Sub, I Per II Score I Freq'l Sub, I Per 
tervals 'ncies totals cents intervals 'ncies totals centsll.l .2 .3 .4 .5 1 2 3 4 5 
s 
10 
Nov. 6, 
_1_01;. 1 
20 
Class Teacher J.Dinan Rundlett Jr. High Concord, N.H. 
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5. Equi-percentile Line of 
Relation Between The Timed 
and The Untimed Situations 
on · The Californi a Test of 
Mental Maturity, Non-Lang. 
Section. 
The dotted line shows the 
equivalence of raw score 29 
on the timed situation and 
raw sc.ore 30~ on the untimed 
situation. 
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Timed and Untimed Equivalent Scores On The Calif'ornia 
Test of Mental Maturity, · Non-Language Section. · 
Based on 155 eighth-grade students of' ·Rundlett Jr. High 
School. (Taken f'rom the line of' relation). 
Timed ~CQ£~~~s~~-----
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It was found that there was a liberal sprinkling of' the 
'I several I. Q. groups in both the group which required extra time 
I 
I 
I 
and in the group which finished in standard time. An exam-
ination of appendix #1 and appendix #2 shows clearly that 
speed has no favorite I.Q.. group. 
Power scores were not estimated on the California Test of' 
Mental Maturity for several reasons. In the first place there ' 
is a. problem presented by the form of the te~t (six distinct 
subtests). Secondly, this involves a statistical problem which 
has not been successfully dealt with as yet. However, plans 
are now underway for the prediction of power scores. Once 
the aforementioned mechanical and statistical problems can be 
dealt with successfully, this project will be well on its way 
to completion. 
Lines of relation were given~ however, for both sections 
of the California Test of Mental Maturity between timed and 
untimed scores. With these tables, the teacher may give the 
test with unlimited time, go back to the table of' equivalent 
scores (untimed scores) and from t here go to the timed raw 
score in order to find the equivalent timed I.Q. In this 
manner the teacher may f'ind those individuals who are 
handicapped by the time-limit scores by a comparison of' the 
two I.Q.s. 
For most individuals we might anticipate the same or a 
similar I.Q. 
The reason for a correlation as high as .98 between timed 
and untimed I.Q.s on the California Test of Mental Maturity 
is that the effect of age has been canceled out by the use of 
intelligence quotient figures. 
The correlations between timed and untimed raw scores on 
both sections of the California Test of Mental Maturity were 
• 90 and • 91. 
The untimed intelligence quotients were obtained from the 
table of equivalent scores which has cancelled out the average 
amount of gain. 
Richard B _______ had a timed I.Q. (language section) of 
1 
.90. ~hen given a~limited time he increased his I.Q. to a 
score of 130. The discrepancy may be noted (as previously 
suggested) by going to the table of equivalent scores: first to 
1 the untimed column and then to the equivalent score in the 
timed column. Once Richard's handice_p is realized, we might 1: 
search deeper f or reading difficulties or even physical causes 
for his need of extended time. 
The teacher should now recognize, after a comps.rison of 
the two I.Q. scores, that Richard requires more time than the 
average pupil on mostly all work; not just tests. 
4J 
jl 
I 
The Otis Quick-Scoring Test of ' Mental Ability, 
Forms AM and BM, Gamma. 
The Cony High School Study 
Form AM 
Form AM of this test was taken by 235 nineth-grade pupils 1 
11 of Cony High School, Augusta, Maine. Of these 235 pupils, 190 
required extra time and 45 finished in standard time. 
Expressed in percents, 79% required extra time and 19% finished 
in standard time. or the 190 who required extra time, 24 
didn't increase their scores and 24 didn't attempt number 80 
(last item) in the unlimited time period. 
Correlation~. The correlation between timed and untimed 
scores on form .AM was .93 (235 subjects) with standard deviat-
ions of 10.8 and 11.2 respectively. The correlation between 
total po wer scores and estimated total scores on the same form 
was .97 with standard deviations of 11.2 and 11.1. 
As has been stated previously., in order to eliminate the 
practice eff ect, mixed forms (AM and BM) were given on both 
testing dates; November 28, and December 4, 1951. 
On the following pages the timed, untimed and estimated 
total {untimed) scores are given for each pupil along with 
Normal Percentile Charts for timed and untimed scores; total 
and estimated total score.s. A line of relation between timed 
11 and untimed scores; total and estimated total scores is given 
in order to show the equivalence of scores. The use of the 
tables of equivalent scores is described at the end of the 
ep apter. 
--=--*-- -= 
238 Otis Quick-Scoring Gamma Timed Scores Variable I JAM J.Dinan Cony High School Augusta, Maine. Nov~·- 28, 
T"> 
Class Teacher 
Variable II Untimed Scores 
Variable I Variable II 
Score I Freq~~ Sub~ I Per II Score I Freq~~ Sub~ I Per 
r tervals 'ncies totals cents intervals 'ncies totals centsiJ.1 .l .3 .4.5 
69-72 1 238 100 69-72 1 238 1100 
65-68 2 237 199.6 65-68 2 2?,7 Q~Ln 
61-64 5 235 98.7 61-64 5 235 98.7 
-
57-60 I 6 I 230 1 96.~ 1 57-60 I 8 1230 ~.6 
53-56 I 7 I 224 194.111 53-56 117 1222 93.3 
r-
49-52 I 13 I 217 191.211 49-52 112 1205 ~6.1 
45-48 I 19 I 204 185.711 45-48 130 193 En.1 
41-44 I 26 1185 177.7 11 41-44 136 163 ~8. 5 
37-40 I 29 1159 166.8 11 37-40 130 0,27 p3.4 
33-36 I 36 1130 154.6 11 33-36 31 97 0.8 
,29-32 30 94 39.5 29-32 25 66 27.7 
1 0~ -28 27 64 26.9 25-28 18 41 7.2 
21-24 18 37 15.5 21-24 12 23 I 9.7 
17-20 11 19 7.9 17-20 7 11 5.0 
13-16 8 8 3.0 13-16 4 4 2.0J[ ] 
Median I II Median ,,.1 .2 .3 .4.5 34.94 39.02 . 
. 
Standard Deviation Scale I I I I I 
-3 CT 
1 
1 
1 -r-T--r 
4.1'QV• ~ 
1951 
PERCENTILE SCALE 
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Figure 7. Equi-percentile Line o£ 
Relation Between The Timed , 
And The Untimed Scores on I 
The Otis Quick-Scoring Gamma. l 
·- -- - ----· - --· The dotted red line shows the 
equivalence of timed raw .score 
50 and untimed raw score 54. 
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Table of Equivalent Scores. Taken from the line of 
relation between timed and untimed scores on form 
AM of the Otis Quick-Scoring Gamma. Based on 238 
cases. 
Timed Scores . 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
Untimed Scores 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
35 
36 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
49 
50 
52 
53 
54 
55 
56 
57 
58 
59 
59 
60 
61 
61 
62 
63 
64 
65 
66 
Timed Scores 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
Untimed Scores · 
67 
67 
68 
69 
70 
71 
72 
73 
74 
75 
75 
76 
77 
78 
79 
80 
41 
NORMAL PERCENTILE CHART 
Grade or group No. of cases Measure (Examination) Form Date 
I 
Examiner 
Variable I I Total Scores 191 Otis Quick-Scoring Gamma AM 1 Nov. 28, 1 Class Teacher 
-~ 
Variable II r ~~~;~a~:~~AS I ""'I::J'-' • '"%I I 1951 
Graphs by School 
J.Dinan Cony High School 
By Arthur S. Otis 
City 
Augusta, Maine. 
Variable I Variable II PERCENTILE SCALE 48 
Score IFreq~~ Sub~ I Per II Score IFreq~~ Sub~~ Per 
-:ervals 'ncies totals cents intervals 'ncies totals centsll.1 .2 .3 .4 .5 1 2 3 4 5 10 20 30 40 50 60 70 80 90 95 96 97 98 99 .5 .6 • 7 .8 99!9, 
.. 
69-7? 1 1 1 191 l10a jj 69-72 I 1 1 a1 11oJI 
65-68 I 1 I 190 1 99.~ 65-68 119099.~ 
61-64 I 5 I 189 198.161-64 1 4 1189 r 8·l 57-60 I 7 I 184 196. 57-60 8 185 96. 
53-56 113 1 177 1 92 . ~ 53-56 I 12 1177 ~2.~1 
49-52 1 7 I 164 I86.QI 49-52 ! 1 2 ll65 l86.c _ __ 
II I I 111111 1 111111111 1 1 111 llllllllll:ill lllllllllllllll ll liflf[l[lJillliHflllllllllllliT[IIIIIIllWfffiffil'ITTTII 
45-48 130 I 157 I82.C 45-48 26 153 8o.c 
41-44 128 I 127 1 66. c 41-44 24 12'1._ 66. c 
37 ~40 I : 6 I :: I ::: dl ::~:: I :: 11:: I:: :dl I ll lllll lllll llllllllllllll lllllllllll llllllllllllllllllllllllllllllllllllllllllllllllllll lti 11 11111 11111 
29-32 17 48 25. 29-32 18 47 24 • 8 1 I I I I I I I I I I I I I I I I I II I I I I I I I I I I I I I I I ~~ I I I I I I I 11111111 I 1111111 I I I II II I 1111111 I I I II I I I 111111111 I I I I I I I I 
'"'5-28 112 1 31 116. 25 -28 11 2915.ql 1 1 r-rT IIl i iiiiiiiiii_T_r-rr 111 Gl~lll '.~" """'"l" "l""" ' "l " "" ' " " I I 1--t" I I fl I ' I I ~ --~ I I lilt 
91 I I I ~ +tt i i -t+t -·? -ti't-rm--tii-tiiiiT i ' ' ' 21-24 110 I 191 9. 21-24 7 1 8 9. J_ ..l. ..l. ]. J .l I J..l...J. J ..l.JJ:.r::uD ..l. -J.. -4.-l.A J ..l. ..l...l...l...l...l...l.-!-+-+-W-1-~ I I I I 
17-20 I 5 I 9 1 4. dl 17-20 I 8 I 11 I 5. ~J_ J;;I;O I Figure 8. Distribution of raw scores 
..l. ]. -! ..l. -! _j_..l...J. _j_ ~:LUIJ.l ..l. ..l. _j_ ..l. --~-~ .l 
..l. on form AM of the Otis Quick 
13-16 4 I 4 1 2.c 13-16 3 I 0 l 1.c: I ' ' · . Scoring Gamma. 
Median 39. 94 Median 39.54 .1 .2 .3 .4 .5 1 2 3 4 5 10 20 3o 40 so 6o 7o 8o I 9o 95 96 97 98 99 .5.6 .7 .8 99~9 • i 
. 
Standard Deviation Scale .1 1 1 1 1 1 1 1 1 1 ~I 1 1 1 1 1 1 1 1 1 _1. 1 1 1 1 1 1 1 1 1 1 1 1 T 1 1 1 1 1 1 _t 1 1 r 1 1 1 1 1 1 1 1 - 1 1 r 1 1 1 1 --, I -3 (J -2 (J -(J N1 +a- +2 (J +3 (J 
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Figure 9. Equi-percentile Line of 
Relation Between Total and 
Estimated Total Scores on 
form AM of the Otis Quick-
Scoring Gamma. 
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The dotted red line shows the 
equivalence of total raw score 41~ 
and estimated total raw score 4lt . 
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Form BM of the Otis Sgick-Scoring Gamma was taken by 243 
pupils of Cony High School, Augusta, Maine. Of these 243 
pupils, 192 required additional time and 51 finished in 
standard time. Expressed in percents, 79% required extra time 
and 19% finished in standard time. Of the 192 who required 
extra time, 14 didn't increase their scores in unlimited time 
and 17 didn't attempt question 80 (last question) in the 
unlimited time period. This leaves 178 pupils or 73% of' all 
pupils who didn't finish in stande.rd time and did incree.se 
their scores in the unlimited time period. 
Correlations. The correlation between timed and untimed 
raw scores on form BM was .94 with standard deviations of 11.4 
and 10.9 respectively. The correlation between total scores 
and estimated total scores on the same form was .96 with 
standard deviations of 10.2 and 10.4. 
On the following pages the timed, untimed and estimated 
total (untimed) scores are given for each pupil along . with 
Normal Percentile Charts for timed and untimed scores; total 
and estimated total scores. 
A line of relation between timed and untimed scores; 
untimed and estimated untimed scores along with lines of 
relation to show equivalence of scores. The use of' the table 
of' equivalent scores is stated at the end of' the chapter. 
I 
1\ 5u 
II 
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Variable I Otis Quick-Scoring Gamma Timed Scores I 242 BM Cony High School Augusta, Maine. Glass Teacher Nov. 28, n ... ,. A J.Dinan 
Variable II Untimed Score• 
Variable I Variable II 
Score I Freq'l Sub, I Per II Score I Freq'l Sub, I Per 
tervals 'ncies totals cents intervals 'ncies totals centsll.1 
66-69 I 4 1242 1100 1166-69 I 6 1242 II 100 
62-65 I 3 1238 198.411 62-65 I 3 1236 97.e 
58-61 I 4 1235 96.'1 58-61 5 233 96.~ 
54-57 I 4 1231 95.E 54-57 13 228 94.9 
II 
50-53 110 1227 I 93. E 50-53 6 215 88. E 
46-49 I 8 1217 189. 'l 46-49 19 209 86.4 
42-45 125 1209 186.4 42-45 28 190 78.5 
38-41 113 1 84 176.( 38-41 36 162 66. J l 
34-37 147 1 71 170.'1 34-37 40 126 52.111 
30-33 138 1 24 151. ~ 30-33 29 86 35.E 
26-29 134 I 86 135. f 26-29 35 57 23.~ 
22-25 122 I 52 121. f 22-25 14 22 9.]1 
18-21 18 30 12.~ 18-21 4 8 3.qt 
} I 
14-17 8 12 4. ~ 14-17 2 4 2.( 
~-
" 
10-10 I 2 I 4 I 2.dl 10-10 I 2 I 2 1 1.Q 
6-9 I 2 I 2 I 1. 6-9 0 0 
Median I 33.18 Median 36.98 .1 
Standard Deviation Scale 
... 
1951 
PERCENTILE SCALE 1 J.l.. 
.2 .3 .4.5 1 2 3 4 5 10 20 30 40 50 60 70 80 90 95 96 97 98 99 .5 .6 • 7 .8 99!9. 
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Figure 10. Distribution of raw scores 
I I 
on form BM of the Otis Quick) 
Scoring Gamma. 
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Figure 11. Equi-percentile Line of 
Relation Between Timed and 
Untimed Scores on form BM 
of The Otis Quick-Scoring 
Ga.mma. 
---- - ----·~--------------~--t 
I I 
45 
The dotted line shows . the 
equivalence of timed score 41 
to untimed score 44. 
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Table of Equivalent Scores. Taken from the line of 
relation betv1een timed and untiined scores on form BM 
of the Otis Quick-Scoring Gamma. Bs.sed on 242 cases. 
Timed Scores 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
Untimed Scores 
22 
23 
24 
24 
25 
25 
26 
27 
27 
28 
28 
29 
30 
30 
31 
33 
34 
35 
36 
37 
39 
40 
41 
41 
42 
43 
44 
45 
46 
47 
48 
49 
51 
52 
53 
54 
55 
56 
56 
57 
58 
59 
59 
60 
61 
62 
Timed Sco~ 
61 
62 
63 
64 
65 
66 
67 
68 
69 
Untimed Scores 
63 
64 
64 
65 
66 
66 
67 
68 
69 
Variable I Total Scores 193 Otis Quick-Scoring liamma BM I Nov. 28,1 Class Teacher I J.Dinan 
1 Deg. 4, 
I 1951 , Variable II Estimated rp,.. ..... , ~ ...... _ ... _ 
Cony High School Augusta, Maine. 
Variable I Variable II I PERCENTILE SCALE 54 
Score I Fre.q'l Sub, I Per II Score I Freq'l Sub, I Per 
t:ervals 'ncies totals cents intervals 'ncies totals centsll.1 .2 .3 .4 .5 1 2 3 4 5 10 20 30 40 50 60 70 80 90 95 96 97 98 99 .5 .6 .7 .8 99!9 
60 
55 
50 
45 
40 
35 
30 
-- 25 35 40 
Figure 13. Equi-percentile Line of 
Relation Eetween Total 
and Estimated Total Scores 
on Form BM of The Otis 
. Q.uick - Scoring Gamma. [_ 
45 
The dotted line shows the 
equivalence of total raw 
score 36 and estimated 
total score 37. 
50 55 60 
5 ' 
As in the Rundle;t-~r. High study, the gre-a;er gains in - ~ 
score from the timed to the untimed situation (see Normal lj · · · . 
. Percentile Charts) on the two forms of the Otis Quick-Scoring 
Gamma appeared to be at the low-middle I.Q. group. 
Lines of relation and a table of equivalent scores show 
the relation and equivalence of timed and untimed scores; 
untimed and estimated untimed scores. 
Because of the shape of the line of relation between 
untimed and estimated untimed scores it is assumed that the line 
is a straight one and that the relation is perfect. 
Extrapolated lines (where used) are indicated by 
·j 
a dotted- J 
line extension. I 
The lines of relation between timed and untimed scores on 
both forms of the Otis Quick-Scoring Gamma make it possible for 
a teacher who suspects the validity of a pupil's timed I. Q. to 
·· go to the t~ble, find the pupil's raw score in the timed 
column, go to the untimed column and read off its equivalent 
untimed raw score and compute the I.Q. with this figure. I . . . 
,, 
As in the California Test of Mental Maturity, we might 
expect a similar I.Q. or the same I.Q. in most instances. 
On both forms of the Otis (as true of the California Test 1 
II 
''· of Mental Maturity) the most significant gains were made at the 'l 
lower I.Q. level. It is well to remember that a significant 
• gain at the low I.Q. level is more difficult to make than at 
the higher I.Q. level where one more question answered correctly 
might give the testee one more I.Q. point. 
-- -=...------
lj 
One would not do serious violence to the data to say that 
there was approximately a five-point gain in raw score on both I' 
forms of the Otis between timed and untimed situations (between1 · 
the lOth and the 90th percentiles), and that it would be wise 'I 
to enter the table of e quivalent scores in order to compute any 
I. Q.s greater than this five-po i nt average gain. 
~=--------~ -- ---~ 
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CHAPTER V 
CONCLUSIONS AND SUGGESTIONS FOR FURTHER RESEARCH 
The California Test of Mental Maturity 
The Rundlett Junior High School Study 
Correlations. From the high correlations (.90 and .91) 
' between timed and untimed scores on the language and non-
language sections it is concluded that the California Test of 
Mental Maturity is largely a power test. Most individuals do 
' reach their maximum (or near maximum) scores within the 
standard time limits, but there are individuals who are 
severely penalized by the same time limits. 
I 
The Formula. It is for these individuals that the formula 
S s A + ~ D was developed. The correlations between timed 
c 
and untimed situations to some observers seems reason enough 
to give the test with the standard time limits and let it go 
at that. Ho wever, these high correlations are misleading. 
This might be shown most effectively by reminding the reader 
of the case of Richard B ____ who came from approximately the 
35th. percentile to the top of the group on the language 
section of the California Test of Mental Maturity. 
It is interesting to note also that this pupil, who made 
such a large gain on the language section of the test made no 
gain at all on the non-language section of the test. 
II 
I 
Gains. Another important factor is that the greater gains .: 
were made at the lower I.Q. level, and as we go up the I.Q. 
scale the gains become less significant. 
55 
___ , , ~t th~ s -po~: t I wish ~= -~er:: t h e re:der~~o - p:ges -~-~- i ~~~~ 
fourteen, seventeen and t wenty-four so that he may compare and I 
contrast the findings of other studies .with the findings of 
this paper. 
The Otis Quick-Scoring Test of Mental Abilitx, Gamma Test, 
Forms .AM and BM 
The Cony High S'ChoO:l Study 
Correlations. From the high correlations {.93 and .94) 
between forms M~ and BM (speed and power) it is concluded that 
- . 
The Otis Quick-Scoring Test of Me~tal Ability, Gamma Tests, 
untimed scores show. As in the correlations between timed and 
untimed situations on the California Test of Mental Maturity, 
I 
I 
l 
the high correlations can be mi sleading because many individual 
gains which are high are l ost in the mass of data. 
However, this point cannot be ignored--even on a so-called 
power test the factor of s pe ed does exist and handicaps to a 
great extent certain individuals. 
The Formula. The corr elations b et ween tota l power scores 
and estimated total scores are higher on both the AM and the Bi 
(,97 and .96), However, the high correlations here not only I 
indicate that the formula S • A + ~- D is a good predictive c ·•. 
measure but also suggest the e1imination of all power tests; 
admi nistering all tests as timed tests, and applying the 
formula to each test answer sheet. 
This would make possible shorter intelligence tests and 
--- ---b- -=---=-=--=-==--'- ·=--=-=---= 
would also be a great time s e.ver. Industry would greatly II 
I 
appreciate a test of this type because it would not only be a II 
time saver, but also a money saver. 
Gains. The most significant gains were made in the low-
I, 
II 
,, 
middle I. Q. areas. Again I refer the reader to pages fourteen, i 
seventeen and t wenty-four so that he may compare and contrast II 
the findings of this study with the findings of other research. l 
Conclusions. 1. On both the Otis and the California the 
present time limits do not unduly 
penalize the average pupil. 
2. 
3. 
4. 
5. 
In both cases more than a majority of 
individuals did make a gain in score 
when given additional time. 
II 
For certain individuals, small in number ! 
proportionately, forwhom the time limit. 
is a real handicap, the data of this 
study produces a means of getting a more ' 
valid intelligence quotient than the I 
time-limited raw scores would provide. 
This is of particular importance to the 1 
tee.cher who sus pee ts a reading disability 
in a pupil. I 
The formula S • A + 1L D effectively 
predicts the total C score from th~ 
time-limited score maki ng it possible 
for the examiner to get an estimate of 
intelligence free of the effect of time 
even though only the time-limited score 
is available. 
The more significant gains from a timed 
to an untimed situation are made at the 
lower I.Q. level. 
The main conclusion of the study. For certain individuals 
The California Test of Mental Maturity and the Otis Quick-
11 Scoring Gamma, forms AM and BM are speed tests. It is 
II concluded that this situation may be remedied by administering II 
6U 
the tests to all individuals as time-limited tests and applying I 
the formula S = A + ~ D to each answer sheet. This will give I 
c 
the psychometrist, teacher, etc., a valid estimate of what the II 
Limitations of the study. 
II 
The scope and implications are 
II 
testee could have done had he been allowed unlimited time. 
, limited to the two tests which were used although it is the 
I 
consensus that most, or all, group intelligence tests contain I 
a speed factor. 
Suggestions for further research. 
II group tests. 1. Perform the same study with other popular 
2. Perform a similar study only use the time 
minutes and seconds as the timed score. 
to finish in J 
3. Experiment with shorter intelligence tests (possibly 11 
10-minute tests) and apply the predictive formula. 1 
The results may be compared to a comparable rating on 
1 
a similar power test. 
4. 
5. 
Gi ve a factor battery and determlne the difference 
between relative gains on the variou sfactors of · 
intellig ence such as verbal reasoning, reasoning, 
Experiment with the relation between I.Q., level, 
speed and power on an intelligence test. 
I 
etc. !1 
I 
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IJ 
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I 
,, 
Jl 
II 
II 
Intelligence quotients of the 155 pupils who did not finish 
the test (California Test of Mental Maturity) in standard 
time, and their intelligence quotients for the test in the 
untimed situation (taken from the table of equivalent scores). 
Based on 155 eighth-grade students of Rundlett Jr. High School! 
Pupil T~ed I.Q. Untimed ~ Pupil Timed I.Q. Untimed I.Q 
1 130 130 46 106 110 I 
2 129 130 47 105 108 
3 125 12s 48 1o5 1os I 
4 124 127 49 1o5 1o9 I 
5 123 129 50 105 108 
6 123 126 51 104 108 I 
7 122 124 52 104 107 
8 121 123 53 104 109 
9 120 122 54 103 106 
10 120 124 55 103 107 
11 119 122 56 103 108 
12 119 122 57 102 106 
13 118 121 58 102 108 
14 118 123 59 102 106 
15 118 122 60 102 107 
16 118 122 61 101 106 
17 117 121 62 101 104 
18 117 120 63 101 103 
19 117 120 64 101 104 
20 117 121 65 101 105 
21 116 119 66 101 104 
22 116 119 67 101 104 
23 115 119 68 101 104 
24 115 120 69 100 104 
25 114 118 70 100 104 
26 114 117 71 100 104 
27 114 117 72 100 104 
28 113 117 73 99 103 
29 112 115 74 99 103 
30 111 114 75 99 104 
31 109 111 76 99 103 
32 109 114 77 99 102 
33 109 112 78 99 102 
34 109 111 79 98 102 
35 109 112 80 98 102 
36 108 112 81 98 102 
37 108 112 82 97 100 
38 108 112 83 97 102 
39 108 114 84 97 102 
' 40 108 112 85 97 99 
41 108 110 86 97 99 
42 107 •111 87 96 99 
43 107 109 88 96 99 
44 106 108 89 96 97 
45 106 109 90 96 99 
b4 
II 
Intelligence quotients of the 155 pupi1s •••• (continued). 
Pu:Qil Timed I. Q,. Untimed I~ Pu:Qi1 Titrred I. Q. Unti:med I& 
91 96 99 140 84 89 
92 96 101 141 84 85 
93 96 99 142 83 88 
94 96 99 143 83 84 
95 95 100 144 83 86 
96 95 99 145 8 2 87 
97 95 98 146 82 89 
98 95 101 147 81 89 
99 95 102 148 80 86 
100 95 99 149 80 86 
.I 101 95 99 150 77 85 I 
102 95 99 151 76 83 
103 94 98 152 75 81 
104 94 99 153 68 74 
,, 
I 
105 94 98 154 68 77 I 
106 94 99 155 66 73 II 
107 93 98 
108 93 97 
109 93 97 
110 93 97 
111 92 96 
112 92 96 
113 92 98 
114 92 96 
115 91 97 
116 91 96 
117 91 96 
118 91 96 
119 91 95 
120 90 94 
121 90 94 I 
122 90 95 
:I 123 89 93 124 89 94 
125 88 94 
I 126 88 93 
1 27 87 93 
128 87 94 
129 87 92 
130 86 90 
131 85 89 
132 85 89 
133 85 89 
134 85 90 
135 85 89 
136 84 88 
137 84 80 
138 84 89 
139 84 89 
PuQil 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
1 17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
Intelligence quotients o~ the 55 pupils who finished 
the California Test o~ Mental Maturity within the 
s t s.n dard time • 
.!.!_.:.Q,!_ ·~--fup_!l. 131 46 
126 47 
125 48 
125 49 
124 50 1 23 51 122 52 
1 22 53 
120 54 
120 55 117 
116 
116 
114 
114 
112 
110 
108 
106 
105 
104 
103 
102 
102 
101 
101 
101 
101 
99 
98 
98 
97 
96 
95 
94 
94 
94 
94 
91 
90 
90 
90 
90 
8? 
84 
I. Q~_ 
84 
84 
84 
79 
77 
76 
?6 
74 
70 
63 
I 
I 
I 
I 
I 
I 
: 
I 
' 
I 
I 
I 
I ··r b \..• 
II 
-Timed, total and estimated total scores on the Otis 
Quick-Scoring Gamma.:, form AM. Based on 235 nineth-
grade pupils of Cony High School, Augusta, Maine. 
Timed Untimed Estimated Timed Untimed Estimated 
Score Score _Tota,±_§~_ore Scor~ Score Total S£~ 
11 13 13 26 31 29 
11 15 14 26 31 30 
14 20 23 26' 31 34 
15 15 16 26 32 33 16 16 17 26 
* 
34 31 
16 19 19 27 27 
16 20. 19 27 27 27 
17 19 18 27 27 27 
17 19 18 27 27 27 17 21 27 27 30 37 
II 18 21 20 27 33 29 18 22 19 27 33 34 
18 23 31 27 
* 
35 37 19 19 27 * 37 30 19 ~- 27 25 27 ~- 38 40 
20 21 21 28 28 
20 23 23 28 29 29 
20 
* 
28 30 28 32 30 21 21 29 29 30 
22 22 22 29 29 
22 23 23 29 32 34 
22 ·;} 39 37 29 33 34 
23 24 23 29 34 31 
23 25 25 29 34 34 
23 28 25 29 ·X. 41 35 
23 * 34 33 29 -~ 41 43 
24 24 29 
* 
53 49 
24 24 25 30 30 
24 ?:· 36 32 30 30 
24 27 24 30 30 30 
24 27 26 30 31 35 
24 31 29 30 34 37 
24 .. )i- 33 29 30 34 38 
25 27 29 30 35 33 
25 29 28 31 31 
25 30 30 3,1 31 
25 30 32 31 31 
25 32 32 31 32 37 
26 26 31 33 34 
26 26 31 35 38 
26 26 26 31 38 40 
I 
*Pupils with an eight-point gain or better !I 
I 
ii 
- ..... 
I bl 
-2- :I 
Timed Total Estimated Timed Total Estimated 
Score Score Total Score Score Score Total Sco!"'e 
32 32 37 38 38 
32 32 37 41 45 
32 33 33 37 41 45 
32 33 33 37 41 45 
32 • 33 39 37 43 46 
32 37 35 37 
* 
45 47 
32 37 38 38 38 
32 38 36 38 38 
32 38 36 38 38 38 
33 33 38 41 39 
33 33 33 38 42 43 
33 34 36 38 42 43 
33 35 36 38 44 40 
33 36 34 38 44 42 
33 36 35 38 45 45 
33 38 39 39 39 
33 39 37 39 40 39 
33 ·it- 42 40 39 43 44 
34 34 39 45 50 
34 38 40 39 *' 50 52 34 38 40 40 40 
34 40 37 40 41 42 
34 40 37 40 43 42 
34 41 40 40 44 42 
34 
* 
43 42 40 47 42 
35 35 40 47 45 
35 35 40 
* 
48 44 
35 35 40 ,, ~~- 50 49 
35 35 36 40 ~...;: 55 52 
35 36 36 41 41 
35 37 40 41 41 
35 37 41 41 41 
35 37 41 41 41 41 
35 38 36 41 43 42 
35 38 37 41 44 43 
35 40 37 41 45 46 
35 .:.;(- 46 43 42 42 
36 36 37 42 42 
36 36 42 42 
36 37 37 42 43 43 
36 38 37 42 47 44 
36 41 45 42 47 45 
36 42 42 42 48 48 
36 42 44 42 48 48 
36 44 42 42 48 51 
36 
* 
48 42 43 43 43 
36 
* 
54 58 43 44 45 
37 37 43 45 43 
'I 
II 
' 
I 
I 
·I b8 
I 
-3-
II 
Timed Total Estimated Timed Total Estimated 
!I Score Sco~:e Total Scor~ Score Score 
Total Score 
43 48 45 56 58 59 
43 48 46 59 61 61 
44 44 62 63 63 
44 45 45 62 64 63 
44 47 49 62 64 63 
44 49 47 65 65 
44 50 49 65 65 65 
45 45 46 70 70 71 
45 46 46 
45 46 46 
45 47 54 
46 46 46 
46 46 47 
46 47 47 
46 53 54 
46 .. ~ 54 54 
46 ·li- 55 55 
46 ., .. " 55 56 
47 47 
47 47 47 
47 47 50 
47 48 47 
47 52 52 
47 * 59 57 
48 48 
48 
* 
58 60 
48 -r~ 63 58 
49 49 
49 49 
49 50 50 
49 51 50 
49 53 55 
49 54 54 
50 50 
50 50 
50 50 
52 55 53 
52 57 54 
52 58 60 
53 53 
53 53 53 
53 53 53 
53 56 55 
54 54 
55 55 
55 58 57 
56 56 
56 57 58 
lj b j 
Timed, total and estimated total scores on the Otis II Quick-Scoring Gamma, form BM. Based on 243 nineth-
grade pupils of Cony High School, Augusta, Maine. 
'I 
Timed Untimed Estimated Timed Untimed Estimated 
Scores SeQ!'_~§_- Tota~_Scores Scores Scores Total Scores lj 
6 10 13 24 27 32 9 16 13 24 28 26 
13 13 24 28 27 
13 
* 
23 23 24 28 28 
14 ;""' 31 32 25 27 25 15 20 18 25 27 27 16 16 16 25 29 31 16 23 20 25 31 28 16 
* 
26 25 25 ..:'~- 33 35 17 18 18 26 26 17 ?i- 25 23 26 26 27 17 
* 
36 34 26 29 28 18 22 26 26 29 30 18 25 23 26 33 31 18 ~·· 26 25 26 
* 
36 40 18 
* 
29 25 27 28 28 19 26 26 27 30 33 20 25 25 27 31 28 20 27 31 27 32 30 20 . ., 33 30 27 i .o(" 33 36 21 21 21 27 34 31 21 21 21 27 34 34 21 25 22 27 ~: .. 35 37 21 26 23 27 •* 36 35 21 26 26 27 
* 
40 35 21 27 27 27 ..!_.} 40 46 21 27 26 28 28 
21 28 24 28 28 
21 .:,c. 33 33 28 28 28 22 24 25 28 29 28 22 24 27 28 29 28 22 25 24 28 30 31 23 23 28 35 32 23 23 23 28 
* 
37 35 
23 26 26 28 ~r 38 38 23 26 26 29 29 
23 26 29 29 29 
23 27 31 29 32 31 23 29 29 29 32 33 ,, 23 
* 
31 29 29 33 34 II 24 25 29 29 35 35 
24 27 28 29 35 53 
*Pupils with an eight-point gain or better 
I 
II 
IJ 7u 
-2- ,, 
I Timed Untimed Estimated Timed ·untimed Estimated I Score Score 'l1ota1 Score Score Score Total Score il 
29 
* 
39 41 34 39 39 
.I 30 30 34 39 40 
30 30 34 40 37 
30 30 34 40 37 
30 30 30 34 40 37 
30 31 32 34 41 46 
30 33 33 34 .. :~ 44 45 
30 34 37 35 35 II 30 36 36 35 35 37 
30 37 42 35 36 39 ;I 30 ~,} 39 36 35 37 36 
30 ~ 43 39 35 38 38 
·I 31 31 35 38 39 
,, 31 31 35 38 41 
31 35 34 35 38 45 I 31 35 36 35 39 40 
31 35 36 35 40 41 
31 33 36 35 41 39 
31 36 33 35 42 40 
31 36 39 35 
* 
44 44 
31 37 35 36 36 
31 37 36 36 36 
31 
* 
·39 37 36 36 
32 32 36 36 36 
32 32 36 40 46 
32 32 32 36 41 41 
32 33 34 36 42 42 
32 38 35 36 -ll- 48 45 
32 J,t. 40 43 37 37 
33 33 37 37 34 
33 33 33 37 37 37 
33 37 36 37 38 38 
I 33 37 41 37 39 39 33 38 42 37 41 39 I 
33 39 39 37 41 47 
I 33 39 41 37 42 39 33 40 38 37 42 42 I 33 41 42 37 43 44 I 33 ·1*- 46 46 37 44 43 I 
34 34 37 ..;~ 45 48 I 34 34 39 42 44 
34 34 39 44 47 
34 34 39 45 42 
34 36 38 39 45 49 
34 36 40 39 
* 
47 45 
34 37 37 40 40 
II 34 38 39 40 41 42 34 38 39 40 44 46 
II 
I 
I' 
.... (l 
-3-
Timed Untimed Estimated Timed Untimed Estimated 
Score Score Total Score Score Score Total Score 
40 46 45 53 54 54 
40 .. :!. 56 50 54 54 
40 
* 
56 50 54 54 
41 41 54 54 54 
41 47 43 55 * 66 64 42 42 59 59 
42 44 44 60 * 68 68 42 45 47 61 61 
42 45 47 61 61 
42 45 48 63 65 66 
li 42 47 46 64 64 42 48 48 65 65 
43 43 68 68 
43 43 68 68 
43 43 43 69 69 69 
43 44 44 69 69 
43 45 46 
·I 43 46 46 
43 47 45 
43 o)t- 57 55 
II 44 44 
44 44 
44 45 46 II 44 46 46 
44 46 48 I 
44 .. ~~ 52 53 
'I 45 45 45 48 50 
45 ?~ 54 51 I 45 -h .. 55 54 
54 -h· 56 55 
46 46 46 
46 47 47 
47 47 
47 
* 
60 61 
48 48 
4 8 48 
48 48 
49 54 54 
50 56 57 
50 ~Jo 60 55 
51 51 
51 53 53 
51 55 55 
51 57 57 
52 52 
53 53 
53 53 
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